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NASA SPACE RADZATION EFFECTS LABORATORY

Dr. John Duberg* and Emsnuel Rind**
NASA Langley Research Center

Abstract ?\\)( JP‘

Srace particulate radistion from the Van Allen belfts, and
from cosmic and manmade sources have energies and fluxes which
‘ have produced and are capable of producing damsre in mz2:ter and
living organisms which comprise space miscion rsyloads. ZLabora-
tories in space for the stucy of radiatior effe:ts are not avail-
able. NASA, Langley Research Center, Virginis nas proposed a
ground based Space Radiation Effects Laboratory which =imulates

A i

S i

1?? mest of the particulate energy spectrum found In space and can be

used in an effective, accelerated, radiation researcn program by

: means of which deleterious radiation effects can be minimized or

aE elimirated. To achieve these results in = minimum time, a

’ £00-Mev, proton, synchrocyclotron of proven design wita variable

e energy and variable external beam size, as well as a 1 %o 30 Mev
1 electron accelerator with the same capabilities have been incor-

orated into the proposed facility. though these devices will

|- be used as englneering tools, provision has been made to maintain

- the basic research capabilities of these accelerators. This will
- } provide three Virginis institutions of higher lcarning, who will
S operate the laboratory Jjointly with the Langley Research Center,
with the instruments necessary to conduct a basic resesrch pro-

1?;‘ grem. The plan of the proposed test areas reflect the latest

advances in the state of the art as it pertains to both the
engineering and basic experimental requirements in flexlibility,
radiation background levels, shielding, and isclation. NASA,
Iengley Research Center, Virginia, has been engaged in partic-
ulaste radiation effects research in materials, componenzs,
dosimetry, devices, and instrumentation used ir space missions.
These efforts have been handicepped by the limited availability
of time in existing accelerators which are ing used for basic
physics experiments. The proposed Space Radiation Effect

shoratory will provide the necessary facillities for conducting
an expanding radietion effects research program using particuleste
radiation which simulates the space spectrum.
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Introduction

The Langley Research Center of NASA has had a special interest ir
the space enviromment insofar as it influences the design of space veki-
cle systems. Scientific exploration of space has revealed a number of
aostile aspects of the environment. Perhaps the most significant of these
15 the patticulate radiation associated with cosmic rays, solar flares,
sd that magnetically trapped in the radiation belts. The Langley Recearch
5~ntar has proposed & Space Radiation Effects Labora“cry in which the par-

} ‘ “.culate space radiation can be simulated, accelerated testing perforrmeid,

and Tundamental studies made in this problem area.

Particulate Radiation in Space

A brief review of our knowledge of the particulate radistions in
sdace 1s appropriate and, as cosmlc rays are familiaA they &re used &s

a basis of comparison in figure 1.1 The cosmic ray flux is comprised of
approximstely 85 percent protons, 13 percent helium nuczleii and the T
~emainder, heavy ions.2 Only the proton spectrum is zhown. "+hough

<he Tlux is low, protoms from this source attain extreme energies in the -

ﬁ;- Bevs. The upper energy limit has not been determined but there is
: reason to believe that it is much in excess of 106 Bev.

The proton spectra of three solar events are shown with an indicea-
tilon of thelr time variation. The dotted portlons of the curves are
extrapolations. Energles of 10 Bev may be attained but flux wvalues for
+these high energies are very low. Integrated, instantaneous, omnidirec-
tional fluxes down to a few Mev may exceed lOé protona/ch/sec. The
solar event of February 23, 1956 would indicate that both flux and
energy decrease with time. It is more commonly believed, howecver, that
the event of November 12, 1960 is the more likely occurrence.- For
this event, the flux values of the lower energies increase, as those of
the higher energles decrease with time.

lTrutz Foelsche, Current Estimates of Radiation Doses in Space,
NASA TN D-1267, 1962.

2F. B. McDonald, ed., contributed by G. E. Fichtel, D. E. Guss,
H. H. Malitson, K. G. McCracken, X. W. Ogilvie, and W. R. Weber,
39lar Proton Manusl, NASA TR R. .

. J cobs, ed. (With Appendix A by J. R. Winckler),
nference on Radiation Problems in Manned Space
D 5

588, 1940.
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The protons trapped in the inner radiation belt have omnidirec-
tional fluxes ranging from over 104 protons/cmE/sec at energles greater
than 40 Mev to fluxes of the order of 107 protons/cm2/sec at energies
greater than 550 Mev.

It is assumed that the electron fissiorn energy spectrum shown in
figure 2 would be obtained for manmasde detorations of nuclear devices.
The spectrum” 1s expressed in relative differentizl values. If the
cirum 1s integrated ané normalized it ylelds tre following results:
e rcent of the electrons have energies 1 Mev =nd 91 percent of the
electrons have energies §3 Mev. The maximum electron energy is about
T Mev.

The recent explosion of & nuclear device prcduced the electron
spectrum of figure 2 and these electrons have been geogrzphically
loca‘c-ed5 in the position shown in figure 3. The naturally trappei
protons and electrons of the radiation belts as previously reported
are slso shown and may be used as a basis of compzrison. It can e
seen that the new manmade belt contributes much of its intensity in
the region previously referred to as the inner belt and thus increases
the radiation demage problems of low-altitude space missions. The
peaX intensities of the elecirons of this artificial belt equal if not
exceed the maxima of the natural ocuter region when the latter's
intensities are increased by magnetic storms.

The outer region is seen to be of a transient character and has
variations in flux and energy due to solar activity. By far the
grezatest number of these electrons have energles below 1 Mev.6 As
indicated previously, however, the manmade belt has about 45 percent
of its electrons with energies between 1 and 7 Mev. The addition of
any manmede trapped electron radiation may pose an even greater
hazard than that which is already present from the natural belt
electrons.

“4R. E. Carter, F. Reines, J. J. Wagner, and M. E. Wyman. Free
Antineutrinos Absorption Cross Section. II. Expected Cross Section
From Measurements of Fission Fragment Electron Spectrum. FPhys. Rev.,
Vol. 113, No. 1, p. 280-6, January 1, 1959.

SArtificial Rediation Belt Discussed in Symposium at Goddard
Space Center, W. N. Hess, P. Nakada, Science, Vol. 138, No. 3536,
Jctcter 5, 1962, pp. 53-5kh.

(N

B. J. O'Brien, J. A, Van Allen, C. D. Laughlin, and L. A.
Trank, Abaclute Electron Intensities in the Heart of the Iarth's
' itation Zone. Jour. Geophys. Res. (Letter to =he Edizor).
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A brief summery of our knowledge of particulate radiaticn in space
‘e given in table I.

TARLE I.- SUMMARY OF THEE PROTON AND ELECTRON SPECTRA IN SPACE

PROTON SPECTRA

¥ Foergy High Ener
Frergy spectra <22 Mev as Energy spectra from 22 Mev %o
obtained from Explorer XII T00 Mev ,
iate: 120 Kev < E < 4.5 Mev Total flux >2 x 1C* p/em?/sec
Flax (p/cmE/sec) = 107 to 109 Intensity can vary by a factor of

2 to 3 with solar activity

ETECTRON SPECTRA

Iov Energy High Energy

Erergy spectra <l.6 Mev Fnergy spectra 1.6 < E < 6 Mev

E > % Kev, Flux < 10° e/cm?/sec  Flux = 2 X 102 e/cm?/sec

£ > 200 Kev, Intensity can vary by a factor of

Flix > 5 x 108 e/cm?/sec 50 to 100 with solar activity
E.2ctron data obtained from Explorer XII.
3

SOLAR FLARES

Proton energy approaches 10 Bev. Fluxes vary with maximum values
between 10D to 106 p/cm/sec. The greatest intensities occcur =zt the
low-energy values.

The proton data are divided into low energy, high energy, and solar
fiares. The low-energy data were reported at the symposium on the
scl.entific results of Explorer XII, January 1962, by L. R. Davis and

J. M. Williemson of the NASA, Goddard Space Flight Center. The low-
enargy range given was from 120 Kev to 4.5 Mev. This has been extended
srvitrarily to 22 Mev, the upper limit for fixed frequency cyclotrons.
Ta2 integral flux in this range 1s between 107 and 109 protong, cmd/sec.
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Tre high-energy-range date were obtained with Zioneer IIT and
Explorer VII.7 The low end has been taken from 22 Mev and extends to
700 Mev, the integral flux being greater than 2 X 10* protons/cm?/sec.

The maximum integral energy flux of the sclar flares vary between

105 to 106 protons/cmg/sec with energles ranging from Kevs to about

2C Bev. The natural belt electrons have their highsst intensities
“etween 10° to 109 e/em?/sec) at about 2% to 4 esrth radii as measured
om the earth's center. The manmade belt electrons have p=zk inten-
“ties greater than 109 e/cmg/sec occurring at about 1.6 e=rth radil.
he energles of both the manmade asnd naturally occurring electrons
:xtend from a few Kev to 7 Mev.

t’a ™m
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Concept of the Space Radlation Effects Iaboratory

Threshold doses for functional radiation damageB are chown for
various materials and devices in figure 4. Unfortunately, most of
+his data is obtained from fission radiation which nelther simulates
space radiation as regards energy or type of radiation. This infor-
mation is still useful in that it gives relative orders of magnitude
of damaging doses and provides some means for determining the fluxes
needed for accelersted space radiation damage studies.

The Langley Research Center in pursuing its research program for
the experimental investigation of the effects of particulate radiation
on items used in space missions, found, as have other investigators,
that very limited beam time 1is available for enginecering research
using high-energy proton accelerators. The existing ones are being
used almost full time for basic physics research experimenis. To
overcome this shortcoming without interference witnh the high-energy
Thysics research effort, IRC, NASA, proposed construction of a Space
Radiastion Effects Laboratory which would encompasc most of the space
varticulate radiation and which would utilize proton and electron
sccelerators as engineering tools as well as physics instruments.

TGuido Pizzela, C. E. McIlwain, and J. A. Van Allen, Time
7ariation of Intensity in the Earth's Inner Radiation Zone, October
“959 through December 1960, Jour. Geophys. Res., Vol. 67, No. &4,
April 1962, pp. 1235-1253.

ol

g¢. N. Lehnr, V. J. Tronolone, and F. V. Horton, Equirment
- . . . ~ [ SIS AR,
ool Considerations for Space Environment, STL/ T -50-0000-00224 .,
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Since over 90 percent of the space spectrum is below 1 Bev with

|.J

ixes less than 10° perticles/cm®/sec, and as the needs for the
~:llty are immediate, & survey was made of existing accelersators
ing energies of this range and external beams which would permit
2e’eratel space simulation for components with volumes of at least
cubtie foot. The desire was to dupllicate an existing, proven, design
=ving the necessary features for accelerated space simulation, thus
=ving years of development time. The choice, based on availability,
28 rarrﬂvoc to frequency modulated cyclotrons and alternatins gradient
necrrotrons. The synchrocyclotron deslgn was chosen because its
nal lux was adeguate for our purposes, whereas tre externzl
‘1ux of th2 synchrotron machine was lower by about twc orders of magni-
Considerations of down time, bteam extraction arnd oversll proven
rellebility were additional factors in favor of the synchrocyclotron.
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Particle Accelersators

There are four synchrocyclotrons in the world with energies of
atous 0.6 Bev or greater. The two behind the iron curtain were not
cens’dered. The other two are the machine at Berkeley, Californisa

. {0.75 Bev) and the machine at CERN, Ceneva, Switzerland (0.6 Bev).

Tre CERN machine was designed for its stated energy and incorporated
the most modern concepts of the day. The Berkeley machine hac been
rcdesigred and altered to bring it up from its initial lower energies
= 13s present level and any design improvements of it and other
=xis~ing occcelerators were considered in the design o the CERN
mschine.” Since the CERN machine was the most modern, met our energy
end flux requirements, and had a very good operational history, it was
our Final cheice.

AR g S

CERN Synchrocyclotron

P Figure 5 is a photograph of the 600-Mev proton synchrocyclotron at

2 CERN, Geneva, Switzerland. The overall size of the magnet is 36 feet
wide by 21.3 feet deep by 20 feet high. It weighs 2500 tons, and is
ade up of 54 blocks weighing approximately 46 tons each. The height

. of the beam above the floor level is 4.1 feet and the magnet zap variees
batween 45 and 35 cm. The coils, which are water cooled, and made of

: slurinum, are about 25 feet in diameter, weigh about 50 tons, and

rcduce 0.75 megawatt of heat at 1,750 amperes. The maximum radius R

rrotor. path (n = 0.2) = 2.27 meters. The magnetic induction at

F o= 2.27 meters is 1.79 webers/metersg; and at R = 0, the magnetic

o e e e A e

T CERY c'nchro—gyclo*vor Mrymet, CERN
lrion, January Lk, 10
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:nduction is 1.88 webers/meterg. The vacuum chamber and connections

=@ mede of welded stainless ste2l and have a volune of 2< cubic meters.
“als s pumped down to about 107 torr using two cil diffusion and throe
roughling pumps.™

e radio frequency system uses a water-coolel tuninsg fork modu-
Tator walch modulates the r-f frequency between 22 and 16.5 megacy:les
L Rz 20
o 8% aps.

.

Tde target systems shown in figure 5. althoug™ designed basically
hi gh-erergy phrsics res2arch, lend themselvees readily —o engi-
rirﬁ. There are eight internal flip targets to produce neutron: st
ii corresponding to enerzies from 110 to 600 Mev. Negzsive mesone
ctiained by use of a sultatle target on a Ferm. trolley. The =xter-
»roton beem 1s obitained by means of a magnetic chemnnel with sult-
»le extraction devices and is brought to focus in a beam area of

em<. The external curreat is about 0.3 microamp

~10+1-2012 protons/cme/sec).

For the SREL, the CERN accelerator and external beam will be podi-
fled to produce variable energy and beam area. As propose:l, the proten
snergy variation will be from 00 Mev down to as low as 100 Mev ant
capavrilities will Px*st for spreading the beam fror 15 cm 4o 300 e
st the target area. ith tae existing external be:=m, & yoar in th: belt
could e simulsted in minutas to weeks over these target =z -esas.
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Elesctron Linac

Capability will also exist for accelerating electrons from 1 Mev
to 30 Mev with bean current in the range of 150 microsmp. These param-
eters will simulate the electron space environment as well as being
useful for basic physics research. The beam area =nd energy will He
vardsble and the linear accelerator design will be used to attain the
requisite energy. Figure 7 1s the accelerator section of a 10-Mev
electron linac. The 30-Mev linac requires one or <iwo additiional
sccelergtor sections.

Thae layout shown in fizure 3 has been proposei for the SREL elec-
*ron linac. The beam could be used in the linac cave or with the Meanm
wendling egquipment shown, piped into the adjacent test area.

-7
E Zehnitier, 5. Xortleven, T. Bolle
500 Me - Synchrocyclotron at Loneva,

5 [

T, D7 000 /01, Noo 5, Maeoh DT
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Plan of the Space Radiation Effects Laboratory

Tre floor plan of the proposed Space Radiation Effects Laboratory
is divided into three major areas as shown in figurs 9. These are the
test and beam handling area, the test setup area, and the support
ouilding. The test and beam handling area consists of two independent
target areas, the electron accelerator cave, the proton accelerator
cave, ard the magnet hall which will contain the bean transport and
aariling for the proton accelerator. The two target areas are aboud
30 oy 3C feet and these dimensions may be changed by moving the walls.
One target area is arranged for receiving a combined electror and pro-
ton beaxr. Sufficient area has been gllowed around hoth accelerators
whi:h permits ready sccess and normal maintenance without the incon-
vernence of moving shielding. Very large targets may be irrsdiated oy
piring the beam directly down the magnet hall. The chielding walls are
about 18 feet thick. Overhead shielding is provided to reduce sky-
shine. In addition the proposed arrangement of the physics <est areas
will isolate them in a manner to glve low radiation bhackgrourd, thus
vermitting the performance of very refined experiments. The setup
area allows test setups and measurements to be made without disturbance
»rior to installation into the target areas. Large vertical 1ift
doors separate the target area from the setup area. The combined tezt
and setup areas occupy approximately 37,000 square feet.

The support building is conveniently located next to the setup
aress. It consists of two floors and a basement which will contain the
control room and monitoring system for the accelerators, laboratory
space, shop facilities, office space, counting areas, etc. The itwo
Tloors have an area of about 17,000 square feet.

The section view, figure 10, is taken through the synchrocylotron
cave, and shows the relationship of the test setup area with the sup-
port building and test areas. Also shown are the head room for the
overhesd crane and the support and pllings needed around the
accelersator.

Research Program

In accord with the objectives of minimizing or eliminating the
=ffects of space radiation on all items which comprise space missions
“e have outlined a research program part of which is already underws:”
in “he following areas: materials, these will includz seals, cements,
plasties, lubricants, solder, damping materials, phosphors, insulators,
ete.; external surfaces such as coatings, transparent materisls, and

v.cal components; devices such as magnetle, electronic, and soiid
=; shielding will cover magmetic as well as varicus dulx corfigu-
tecti ncompesses doslian, development, “easting and
desimetry will include ewperi-
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areas and constituents of space vehicles; envircnmental contaminsticn
will deal with the ability of radiation to produce corrosive, noxious,
atmospheres, for example, ozone and nitrous oxicdes in closed ecological
systems; sputterling phenomena; activation resulting from radiation;
chemistry of elastomers and polymers; spectirosccpy for +he study of
radiation induced changes will include nuclear magnetic resonance,
eiectron paramasgnetic resonance, infra-red and visible light, electron
microscopy, X-ray techniques, and mass spectroscopy; thin films; exreri-
menzal validation of theoreticel studies; biolog’cal research ircluding
syuergistic effects; health physics; and basic physics research.

Operation of Laboratory

The tentative operational plan for the SREL provides for Willisam
and Mary, the University of Virginia, and Virginia Polytechnical Insti-
tute organized as the Virginia Associates Research Cemter (VARC), to
supply the operational persomnnel for SREL. The participating universi-
tles of VARC will also establish a basic physics research progran
sponsored by government grant, industry grants, or self-initiated.
Other institutions requiring a facility with high-energy capability for
basic research can cooperate with VARC. Programs for accelerator
improvement and development may also be underteken by VARC. The
Langley Research Center will conduct the engineering, arplications, and
basic research phases associated with the space environment. Otaer
NASA Ieboratories, government agencies, and industry under NASA con-
tract will operate through the Langley Research Center.

I )

Concluding Remarks

An architect's rendering of the Space Radiations Effects Laboratory
is shown in figure 11. This will be located in the city of
Newport News, Virginia within 15 miles of the Langley Research Center,
and will lie in & site occupylng approximately 100 acres. The princi-
pal intent of the Space Radiation Effects Laboratory was to prov:ide a
facility in which investigations simulating the space environment could
be performed and the results used to increase the relisbility and
safety of spacecraft and space missions. As the project has now
evolved, the Laboratory will serve a dual function. In one capacity,
it will support sn engineering program aimed at increasing the reli-
sbility and safety of spacecraft and missions. TIn the other, it will
provide our universities and colleges with the instrumerts by which
they can conduct basic research in high-energy prnysics ac well as
expanding their graduste program in this field. Thus, by previding =
facility whereby both these endeavors can be conducted concurrently,
twe wital needs are simultaneously fulfilled.
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Figure 6.- Target systems for the CERN 600-MEV synchrocyclotron,
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